Introduction {#S0001}
============

As the most common subtype of thyroid cancer, papillary thyroid cancer (PTC) is accounting for 74--80% of the thyroid malignancy.[@CIT0001] Recently, in China, the 5-year survival of thyroid cancer has demonstrated significant improvement (average change per calendar period 5.4%), but the general mortality of PTC is still higher than that of other endocrine neoplasms. Additionally, in the United States, the data showed that the mortality rates of PTC will be higher than those of lung, ovarian and colorectal cancers in the near future.[@CIT0002],[@CIT0003] Previous findings have indicated that tumour development involves a series of mutation of molecules, including oncogenes and tumour suppressor genes.[@CIT0004]--[@CIT0007] Presently, the use of these molecules as markers in the diagnostic and prognostic management of PTC is increasing.[@CIT0008],[@CIT0009] Puli provided evidence suggesting that ETV5 and its putative target CCND1/2 may be proliferative markers of advanced PTC.[@CIT0010] Chen suggested that SDC4 affects PTC cells apoptosis via the Wnt/β-catenin pathways.[@CIT0011] Sun showed that inhibition of E2F8 expression induces G1 phase cell cycle arrest in PTC cells.[@CIT0012] However, the molecular mechanism of PTC pathogenesis remains incompletely understood, and most of these markers still lack accuracy. Hence, the identification of reliable molecular markers of PTC is still in an imperative need.

JAZF1 (Juxtaposed with another zinc finger gene 1), also referred to as TIP27, was first identified as a novel TAK1-interacting protein in 2004.[@CIT0013] Studies have demonstrated that JAZF1 is involved in gluconeogenesis, insulin sensitivity, cell differentiation, lipid metabolism and inflammation.[@CIT0014]--[@CIT0017] Furthermore, studies have revealed that JAZF1 is related to tumour progression.[@CIT0018],[@CIT0019] Based on 2014 WHO classification, low-grade endometrial stromal sarcoma is related to gene rearrangement, such as the JAZF1-SUZ12 fusion gene.[@CIT0020] Ueyama showed that JAZF1 influences the development of hepatocellular carcinoma (HCC) among Japanese patients with type 2 diabetes mellitus (T2DM).[@CIT0021] However, the role of JAZF1 in PTC and the molecular mechanism involved are yet to be clarified.

TAK1 (transforming growth factor beta-activated kinase 1), first identified as a mitogen-activated protein kinase kinase kinase (MAP3K), is known to activate the nuclear factor-κB (NF-κB) that has various target genes and plays an essential role in stress responses, immunity, stimulate inflammation and cancer.[@CIT0022],[@CIT0023] Lin revealed an association between TAK1 and the pathogenesis of thyroid cancer via targeting NF-κB.[@CIT0024] As a TAK1-selective co-factor, the role of JAZF1 in thyroid cancer would be by regulating TAK1.[@CIT0013]

In this study, we used the human papillary thyroid cancer cell line BCPAP to elucidate the role of JAZF1 in the thyroid cellular activities and the potential molecular mechanisms involved in the proliferation, cell cycle and apoptosis of PTC. Our results indicated that JAZF1 attenuated papillary thyroid carcinoma cell proliferation and facilitated apoptosis by suppressing the activation of NF-κB via regulating TAK1 expression.

Materials and Methods {#S0002}
=====================

Thyroid Tissue Specimens {#S0002-S2001}
------------------------

Thyroid tissue specimens were collected from 97 patients underwent thyroidectomy in the Affiliated Hospital of Zunyi Medical University (Guizhou, China) after informed consent was obtained and were stored at −80°C immediately. Patients who received radiotherapy, chemotherapy or other treatments before surgery were excluded. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards (Ethical commission of the Affiliated Hospital of Zunyi Medical University; No. (2017)1-063), and written informed consent was obtained from all individual participants. We used 117 thyroid tissue samples (60 PTC, 20 adjacent thyroid tissues, and 37 nodular goitre samples) after confirmation of the diagnosis by two pathologists ([Table 1](#T0001){ref-type="table"}).Table 1Study Cohort Clinical FeaturesFeaturesNumberNumber of patients97Tissue samples117^a^Sex (male/female)18/79Age(mean±SD), y12--75 (44.84±13.18)[^2]

Immunohistochemistry {#S0002-S2002}
--------------------

Dissected tissues were embedded in paraffin and then cut at 3-µm thickness for haematoxylin and eosin (H&E) staining and immunohistochemistry (IHC) as previously described.[@CIT0025] The following primary antibodies were used: anti-JAZF1 1:200 (Abcam, Cambridge, UK) and anti-Ki-67 1:4000 (Proteintech, Chicago, USA).

Staining scores for JAZF1 were determined by the intensity distribution (ID) score. Details are as follows: the sum of the percentage of positive cells (0: \<5%; 1: 5--25%; 2: 26--50%; 3: 51--75%; 4: 76--100%); the staining intensity graded (0, negative; 1, weak; 2, moderate; and 3, strong). We considered ID scores 6 or greater for high JAZF1 expression, and 4 or lower for low JAZF1 expression.

We used the Ki-67 labelling index (LI) % to evaluate Ki-67 expression. The ratio of the number of Ki-67-positive cells and total number of tumour cells in several representative fields represented the Ki-67 LI. The low or high Ki-67 expression was determined using a cut-off of 4%.[@CIT0025]

Two pathologists evaluated the histologic staining, and the scores of histologic staining were determined by two observers.

Cell Lines and Cell Culture {#S0002-S2003}
---------------------------

Human normal thyroid follicular epithelial cell line (Nthy-ori 3-1) was purchased from BeNa Chuanglian Biotechnology Research Institute (Beijing, China), and cells were cultured in RPMI 1640 medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum. Human papillary thyroid carcinoma cell lines (BCPAP and TPC-1), were provided by Stem Cell Bank, Chinese Academy of Sciences (Shanghai, China) and BeNa Chuanglian Biotechnology Research Institute (Beijing, China), respectively. BCPAP cells were maintained in RPMI1640 supplemented with 10% fetal bovine serum, non-essential amino acids (Gibco 1114005) and sodium pyruvate solution (Gibco 11360070). TPC-1 cells were maintained in DMEM-H medium (Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum. All cells incubated at 37°C in a 5% CO~2~ atmosphere.

Adenovirus-Mediated JAZF1 Overexpression in BCPAP Cells {#S0002-S2004}
-------------------------------------------------------

The JAZF1-GFP was excised from the original plasmid digested with EcoRI/NotI. Then, the JAZF1-GFP was ligated into the pShuttle-CMV recombinant shuttle vector using T4 DNA ligase to obtain the pShuttle-JAZF1-GFP recombinant shuttle plasmid. Thereafter, the pShuttle-JAZF1-GFP was transformed to pAdxsi vector to obtain pAdxsi-JAZF1-GFP viral plasmid. Finally, a titre of 1.2×10^10^ PFU/mL recombinant Adv-JAZF1-GFP was obtained.

RNA Extraction and Reverse Transcription-Quantitative PCR Analysis {#S0002-S2005}
------------------------------------------------------------------

Total RNA was isolated from BCPAP cells transfected with Adv-JAZF1-GFP or Adv-GFP using Trizol reagent (Takara Bio Inc., Otsu, Japan), according to the manufacturer's protocol. Next, Prime ScriptTMRT reagent Kit (Takara Bio Inc., Otsu, Japan) was used to reverse transcribe the total RNA to cDNA. Reverse transcription-quantitative PCR analysis was performed using SYBR^®^Premix Ex Taq^TM^ II (Takara Bio Inc., Otsu, Japan). GAPDH was used as the endogenous control. The levels of JAZF1 and NF-κB p65 were analysed by the 2^−∆∆Ct^ approach, and the levels were compared between the suspected tumour tissue and paraneoplastic tissue in one patient: \>1 indicated the expression of JAZF1 and NF-κB p65 was upregulated, and \<1 indicated the expression of JAZF1 and NF-κB p65 was down-regulated. The primers for RT-qPCR were as follows: JAZF1: forward, 5'-TGTAGCACCATGACAGGCATC-3' and reverse, 5'-TTGTCCTCGATGTGCTCGAT-3';  NF-κB p65: forward, 5ʹ-GACGCATTGCTGTGCCTTC-3ʹ and reverse, 5ʹ-TTGATGGTGCTCAGGGATGAC-3ʹ; GAPDH: forward, 5ʹ-GGA GCGAGATCCCTCCAAAAT-3ʹ and reverse, 5ʹ-GGCTGTTGTCATACTTCTCATGG-3ʹ.

Western Blotting {#S0002-S2006}
----------------

Western blotting analysis was performed as previously described.[@CIT0026] The primary antibodies against the following proteins used in the experiment were from commercial sources: anti-JAZF1 (ab80329; 1:200) and anti-p65 (ab16502; 1:2000), both purchased from Abcam; anti-Bcl-2 (\#15071; 1:500) and anti-p-p65, both purchased from CST; anti-Bax (ET1603-34; 1:2000) purchased from Hangzhou HuaAn Biotechnology Co., Ltd.; anti-TAK1 (12330-2-AP; 1:500) purchased from Proteintech; anti-GAPDH (SC-365062; 1:800) purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The secondary antibodies were as follows: goat anti-rabbit and goat anti-mouse IgG (1:4000 for both).

Immunofluorescence Study {#S0002-S2007}
------------------------

BCPAP cells were plated on coverslips in a 6-well plate and cultured for 24 hrs. Then, they were fixed with 4% paraformaldehyde for 20 mins after washing in PBS. Next, the cells were permeabilized with 0.2% Triton X-100 for 10 mins and blocked with 10% normal goat serum for 20 mins. Using a confocal microscope (LSM510; Carl Zeiss; Germany) to observe the fluorescence from the JAZF1 and NF-κB p65 protein. The nuclei were stained with DAPI according to the manufacturer's directions. Images were acquired at 200× magnification.

Cell Proliferation and Colony Formation Assay {#S0002-S2008}
---------------------------------------------

Cell proliferation ability was assessed using CCK-8 assay. Briefly, 1000 cells were seeded in a 96-well plate for 4 days. For three groups (Adv-JAZF1-GFP transfected cells, Adv-GFP transfected cells and negative control cells), three parallel well detections were set for each group. Every day, three wells from each group were detected. For detection, cells were treated with Cell Counting Kit-8 reagent (Beyotime, Shanghai, China), and the absorbance was measured at 450 nm on a microplate reader at the designated time points after treatment.

For the colony formation assay, 1000 cells were seeded into each well of a 6-well plate and incubated for 14 days. The colonies were stained with crystal violet and photographed. Then, the cell colony formation rate was counted.

Cell Cycle Analysis {#S0002-S2009}
-------------------

Cells (2×10^6^) were harvested 48 hrs after transfection and then resuspended in 4°C 75% cold ethanol to fix overnight, followed by staining with 100 µL of PI (3.8×10^−2^ sodium citrate, pH 7.0) containing RNase (RNase A; 10 mg/mL) for 30 mins protected from light at 37°C. Flow cytometry (BECKMAN-COULTER, USA) was used to measure the populations in G0-G1, S and G2-M phases. The results were analysed using cell ModFit software.

Apoptosis Assay {#S0002-S2010}
---------------

For apoptosis detection, Annexin-V APC/7-AAD double staining was used. Cells transfected with Adv-JAZF1-GFP or Adv-GFP were harvested with 0.25% trypsin. To prevent excessive cell digestion, the complete medium was added. After washing twice with PBS (centrifugation at 800 g for 5 mins), cells were resuspended in 500 µL of Binding Buffer. Annexin V-APC and 7-AAD were added, and cells were subsequently incubated for 15 mins at room temperature protected from light. The apoptosis was measured using a flow cytometer (FACSCalibur, Becton-Dickinson, San Diego, CA, USA) and was analysed using CellQuest software.

Statistical Analysis {#S0002-S2011}
--------------------

The data were expressed as means±SD. SPSS 21.0 software (SPSS Version 21.0; IBM Corp., Armonk, NY) was used to conduct statistical analysis. Graphs were constructed using GraphPad Prism 7 (GraphPad Software Inc, San Diego, USA). Student's *t*-test was performed to analyse differences between groups. Bivariate correlation was calculated using the Spearman's rank correlation coefficient. All values represent at least three independent experiments. *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

Down-regulation of JAZF1 is Associated with Clinicopathological Parameters of PTC {#S0003-S2001}
---------------------------------------------------------------------------------

To determine the clinical relevance of JAZF1 expression in PTC, we performed immunohistochemistry in 117 thyroid tissue samples. The detection of JAZF1 immunoreactivity was mainly in the cytoplasm and nucleus ([Figure 1](#F0001){ref-type="fig"}). As shown in [Figure 1](#F0001){ref-type="fig"} and [Table 2](#T0002){ref-type="table"}, we observed that JAZF1 was down-regulated in thyroid cancer tissue compared with that in adjacent thyroid tissues or nodular goitre samples (*P*=0.001).Table 2Correlations of JAZF1 Expression with Different Thyroid Tissues (n = 117)Thyroid TissuesJAZF1 ID Score*Χ^2^P*0--46--12PTC461413.200.001Adjacent thyroid tissues911Nodular goiter1621 Figure 1IHC results of the expression of JAZF1 in PTC, adjacent thyroid tissues and nodular goitre. (**A** and **B**) High expression and low expression of JAZF1 immunohistochemistry in PTC. (**C**) Typical representation of JAZF1 immunohistochemistry results in adjacent thyroid tissues. (**D**) Typical representation of JAZF1 immunohistochemistry results in nodular goitre. JAZF1 is mainly localized in the cytoplasm and nucleus. The left sides represent 200× amplification, the right sides represent 400× amplification.

Subsequently, we explored the association between the expression of JAZF1 and clinicopathological features of PTC ([Table 3](#T0003){ref-type="table"}). The expression levels of JAZF1 were observed related to location (*P*=0.039) and lymph node metastasis (LNM) (*P*=0.024). However, there were no associations between JAZF1 expression and patient sex, age, tumour size or TNM stage (all *P*\>0.05).Table 3Correlations Between JAZF1 Expression and Clinicopathological Parameters (n = 60)CharacteristicsJAZF1 ID Score*Χ^2^P*0--46--12Sex0.021.000 Male96 Female2817Age (years)0.400.749 \<552819 ≥5594Tumor size0.410.571 ≤1cm108 \>1cm2715TNM stage2.680.262 I3022 II61 III00 IV10Location4.870.039 Unilateral2722 Bilateral101LNM5.960.024 Negative812 Positive2911

Correlations Between JAZF1 and Ki67 {#S0003-S2002}
-----------------------------------

To further assess the role of JAZF1 in PTC, we compared its expression with Ki67 based on immunohistochemistry results. As shown in [Table 4](#T0004){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}, JAZF1 expression had a negative correlation with Ki67 LI. The Spearman's rank correlation coefficient between JAZF1 and ki67 was −0.27 (*P*\<0.05).Table 4Correlation of JAZF1 Expression with Ki67 (n = 60)JAZF1Ki67*rP*≤4%\>4%ID score 0--41126−0.270.040ID score 6--121310 Figure 2Expression of JAZF1 and Ki67 in PTC tissue samples. (**A** and **B**) Two typical examples show the relationship between JAZF1 and Ki67 expression. The left sides represent 200× amplification, the right sides represent 400× amplification.

JAZF1 Overexpression Inhibits BCPAP Cells Proliferation {#S0003-S2003}
-------------------------------------------------------

In order to better evaluate the biological function of JAZF1 in thyroid cancer, we detected its expression levels in human normal thyroid follicular epithelial cell line Nthy-ori 3-1, and two PTC cell lines (BCPAP, TPC-1) ([Figure 3A](#F0003){ref-type="fig"}). The results showed that, compared to Nthy-ori 3-1 and TPC-1 cells, BCPAP cells expressed the lowest JAZF1. Then, we successfully constructed BCPAP cells overexpressing JAZF1 using adenovirus vectors ([Figure 3B](#F0003){ref-type="fig"}), we observed cells under immunofluorescence microscopy. Consistent with IHC results, the subcellular distribution of JAZF1 was mainly in the cytoplasm and nucleus ([Figure 3C](#F0003){ref-type="fig"}). Thereafter, we performed cell proliferation and colony formation assays to evaluate the effect of JAZF1 on the proliferation of BCPAP cells. The results demonstrated that JAZF1 overexpression inhibited proliferation and colony formation of BCPAP cells compared with negative control cells or Adv-GFP transfected cells ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}, both *P*\<0.05).Figure 3Expression of JAZF1 in different thyroid cell lines and proliferation of BCPAP cells overexpressed JAZF1. (**A**) The mRNA and protein levels of JAZF1 in Nthy-ori 3-1, BCPAP and TPC-1 cells. (**B**) mRNA and protein levels of JAZF1 in three groups of cells (negative control BCPAP cells, Adv-GFP transfected BCPAP cells and Adv-JAZF1-GFP transfected BCPAP cells). (**C**) Subcellular localization of JAZF1 in BCPAP cells. Green flfluorescence represents JAZF1 expression. (**D**) Cell viability in negative control BCPAP cells, Adv-GFP transfected BCPAP cells and Adv-JAZF1-GFP transfected BCPAP cells. (**E**) Colony formation rates in negative control BCPAP cells, Adv-GFP transfected BCPAP cells and Adv-JAZF1-GFP transfected BCPAP cells. \*P\<0.05, \*\*P\<0.01, \*\*\*P \<0.001.

JAZF1 Overexpression Arrests the G0/G1 Phase of BCPAP Cells {#S0003-S2004}
-----------------------------------------------------------

To verify whether the overexpression of JAZF1 affected the cell cycle progression of BCPAP cells, we performed flow cytometry. As shown in [Figure 4A](#F0004){ref-type="fig"}, the Adv-JAZF1-GFP-treated BCPAP cells had a high percentage of G0/G1 phase (69.55%) compared with the negative control group (59.77%) or Adv-GFP treated group (61.00%) (*P*=0.000). The S phase of Adv-JAZF1-GFP-treated BCPAP cells was 14.03%, while the S phase proportions of the control group were 19.00% and 17.05%, respectively. The G2/M phase of Adv-JAZF1-GFP-treated BCPAP cells was 16.42%, while the G2/M phase proportions of the control group were 21.23% and 21.95%, respectively. These findings suggested that overexpression of JAZF1 in BCPAP cells induces G0/G1 cell cycle arrest.Figure 4Flow cytometry for detection of BCPAP cell cycle and apoptosis. (**A**) JAZF1 overexpression induces G0/G1 cell cycle arrest in BCPAP cells. \*\*\**P*\<0.001. (**B**) JAZF1 overexpression promotes apoptosis of BCPAP cells. \*\**P*\<0.01. (**C**) Detection of the effect of JAZF1 on Bcl-2 expression. \*\*\**P*\< 0.001. (**D**) Detection of the effect of JAZF1 on Bax expression. \*\**P*\< 0.01.

JAZF1 Overexpression Induces the Apoptosis of BCPAP Cells {#S0003-S2005}
---------------------------------------------------------

Next, we examined whether JAZF1 affects the apoptosis of BCPAP cells. The apoptotic cells of three groups (negative control BCPAP cells, Adv-GFP transfected cells and Adv-JAZF1-GFP transfected cells) were analysed by flow cytometry ([Figure 4B](#F0004){ref-type="fig"}). The apoptosis rates of the three groups were as follows: 3.35±0.16% (NC), 5.00±0.60% (Adv-GFP treated) and 13.10±0.62% (Adv-JAZF1-GFP treated) (*P*=0.001). These data suggested that overexpression of JAZF1 increased the apoptosis rate of BCPAP. Thereafter, the expression level of Bcl-2, an anti-apoptotic protein, was examined using Western blotting analysis and was found to be significantly decreased in Adv-JAZF1-GFP-treated cells ([Figure 4C](#F0004){ref-type="fig"}; *P*=0.000), whereas the expression level of Bax protein was upregulated ([Figure 4D](#F0004){ref-type="fig"}; *P*=0.002).

JAZF1 Targets TAK1 Upstream of NF-κB Inhibits the Proliferation and Promotes the Apoptosis of BCPAP Cells {#S0003-S2006}
---------------------------------------------------------------------------------------------------------

The abovementioned in vitro experiments have initially demonstrated that JAZF1 overexpression inhibited the proliferation of BCPAP cells, caused G0/G1 cell cycle arrest and facilitated apoptosis. Next, we investigated the underlying mechanism. In this study, we focused on JAZF1 as a TAK1-mediated transactivation repressor.[@CIT0013] We demonstrated that overexpression of JAZF1 efficiently reduced the expression level of TAK1 ([Figure 5A](#F0005){ref-type="fig"}). TAK1 is a pivotal kinase upstream of NF-κB, a transcription factor known, to regulate both proliferation and apoptosis.[@CIT0027] However, in this study, the protein and mRNA expression level of NF-κB p65, a major subunit of the NF-κB complex, was not found to be significantly changed due to overexpression of JAZF1 ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}, both *P*\>0.05). In order to further clarify the role of NF-κB in JAZF1-mediated regulation, we assessed the phosphorylation status of NF-κB p65 (p-p65). As shown in [Figure 5C](#F0005){ref-type="fig"}, a significant decrease in the expression of p-p65 was observed in Adv-JAZF1-GFP-treated cells, suggesting a reduction in the activation of NF-κB.Figure 5Overexpression of JAZF1 inhibits TAK1 and NF-κB p-p65 expression and inhibits NF-κB p65 nuclear translocation in BCPAP cells. (**A**) WB analysis of the protein levels of TAK1 and NF-κB p65 in response to JAZF1 overexpression. \*\*\**P*\<0.001. (**B**) RT-qPCR analysis of the mRNA levels of NF-κB p65. (**C**) Protein levels of NF-κB p-p65 at different times in response to JAZF1 overexpression. \*\*\**P*\<0.001. (**D**) Detection of NF-κB p65 subcellular localization, red indicates NF-κB p65 and blue indicates nuclei.

The immunofluorescence study demonstrated that NF-κB p65 was located in both the cytoplasm and nuclei of BCPAP. Overexpression of JAZF1 blocked NF-κB p65 translocation, and the proportion of nuclear expression of NF-κB p65 was the lowest in BCPAP cells overexpressing JAZF1 ([Figure 5D](#F0005){ref-type="fig"}). These results demonstrated that JAZF1-mediate BCPAP cells proliferation inhibition the and apoptosis facilitation may targeting TAK1 upstream of NF-κB.

Discussion {#S0004}
==========

As a novel repressor of TAK1, a type of nuclear receptor that regulates gluconeogenesis, previous studies on JAZF1 mainly focused on diabetes and lipid metabolism.[@CIT0028],[@CIT0029] Recently, studies have reported that JAZF1 also regulates the biological functions of human tumours, especially endometrial stromal sarcomas and prostate cancer.[@CIT0030],[@CIT0031] JAZF1 has been hypothesized as a tumour suppressor, Hazelett found that, in JAZF1 intron, the G allele creates an NKX3-1-binding site while making a FOXA1-binding site destruction in line with the DHT-dependent is associated with the risk in decreasing its enhancer activity.[@CIT0032] Presumably, this enhancer influenced its role in tumour suppression. Many studies have reported the important role of tumor suppressor genes in cell biological activities such as proliferation, apoptosis and cell cycle.[@CIT0033]--[@CIT0036] Our study is the first to explore the role of JAZF1 as a tumour suppressor gene in PTC.

Our study characterized the expression of JAZF1 in PTC, adjacent thyroid tissues and nodular goitre samples using IHC and analysed the correlation of JAZF1 expression with clinicopathological parameters and Ki67. We found that JAZF1 expression was decreased in PTC compared with that in adjacent thyroid tissues or nodular goitre samples. Additionally, there was a significant association between its expression with location and lymph node metastasis in PTC. Ki67 is a common proliferation marker.[@CIT0037],[@CIT0038] Tang et al have demonstrated that Ki67 may be an important indicator to determine tumour aggressiveness in PTC.[@CIT0039] Our study verified the negative correlation between JAZF1 and Ki67, suggesting the potential role of JAZF1 as a proliferation-related protein in PTC. However, in this study, we drew conclusions based on the analysis of a small sample size, and we will expand the sample size in a further study to clarify the correlation between JAZF1 and Ki67.

Furthermore, we detected the expression levels of JAZF1 in human normal thyroid follicular epithelial cell line Nthy-ori 3-1 and two PTC cell lines (BCPAP, TPC-1). The results showed that BCPAP cells expressed the lowest JAZF1, compared to Nthy-ori 3-1 and TPC-1 cells. According to the literature data, the lower JAZF1 expression in thyroid cancer cell lines than that of human normal thyroid follicular epithelial cell line was not unexpected. However, the expression difference of JAZF1 between BCPAP and TPC-1 remains to be explored. The human papillary thyroid carcinoma cell line BCPAP expresses mutated BRAF V600E gene, while TPC-1 expresses the rearranged form of RET.[@CIT0040] This may be responsible for their different expressions of JAZF1. Our results are in line with the study that demonstrated that the basal secretion of CXCL8 was highest in BCPAP cells compared to NHT and TPC-1 cells.[@CIT0041] However, whether the mechanism is the same remains to be further studied.

We first evaluated the role of JAZF1 in the PTC cell line BCPAP. Adenovirus vectors were used to construct BCPAP cells overexpressing JAZF1. Consistent with IHC results, we observed that JAZF1 is mainly localized in the cytoplasm and nucleus. In BCPAP cells, JAZF1 overexpression inhibited cell proliferation and colony formation. In the previous section, we analyzed the relationship between JAZF1 and Ki67 expression, indicating that JAZF1 may exert its tumour suppression effect by negatively regulating cell proliferation. Ki67 is a cell proliferation--associated factor, presented in all active phases in cell cycle progression.[@CIT0042] We speculated the role of JAZF1 in cell cycle distribution. Our results from flow cytometry demonstrated that overexpression of JAZF1 caused G0/G1 cell cycle arrest of BCPAP cells. Previous studies demonstrated that the G1 phase is the critical period for determining cell fate.[@CIT0043] We speculated that overexpression of JAZF1 may facilitate BCPAP cells to make the decision to exit the cell cycle early during cell division. The potential mechanism involved needs further study. However, Yuasa et al have revealed that overexpression of JAZF1 facilitates the cell proliferation and cell cycle progression of C2C12 cells, indicating that overexpressed JAZF1 may contribute to oncogenesis in muscle.[@CIT0044] This paradoxical phenomenon may be explained by the following statement. The primary function of JAZF1 is to inhibit TAK1-mediated transactivation as a co-repressor of TAK1. Interestingly, the transcriptional activity of TAK1 depends on cell type. In certain cell types, TAK1 causes DR1-dependent transcription; however, in other cell types, it inhibits transcription, acting as both positive regulator and negative regulator of transcription.[@CIT0013] There are no studies to report whether the JAZF1/TAK1 complex induces TAK1 transactivation. Apoptosis is important in cells, and Bae et al have demonstrated that overexpression of JAZF1 may upregulate pro-apoptotic genes, thereby inducing heart failure symptoms in cardiomyocytes.[@CIT0045] Besides the proapoptotic members like Bax, the Bcl-2 family involves the antiapoptotic members like Bcl-2.[@CIT0046] Our experiments did show that overexpression of JAZF1 downregulated anti-apoptotic protein Bcl-2, upregulated pro-apoptotic protein Bax and induced apoptosis of BCPAP cells.

Based on the abovementioned experimental results, we further explore the molecular mechanisms involved in JAZF1-mediated BCPAP cell regulation. JAZF1 contains a Glu/Asp-rich region and three putative zinc finger motifs. We have repeatedly mentioned that JAZF1 is a co-suppressor of TAK1, a nuclear orphan receptor, and researchers have speculated that the TAK1-JAZF1 complex recruits other nuclear proteins that may depend on the Glu/Asp-rich region and zinc finger domains within JAZF1.[@CIT0013] Nuclear factor of κB (NF-κB) is a nuclear transcription factor that is known to be involved in the control of numerous cellular processes, such as cellular proliferation and apoptosis.[@CIT0047],[@CIT0048] TAK1 is a pivotal kinase upstream of the NF-κB signalling pathway.[@CIT0024] Zou et al revealed that α-mangostin-mediated inflammation inhibition may through the inhibition of TAK1-NF-κB pathways activation.[@CIT0049] Wang et al found that CXC195 exerts antiproliferation of human hepatocellular cancer cells via regulating the TAK1-mediated NF-κB pathway.[@CIT0050] Our results showed that JAZF1 inhibited the expression of TAK1. This would be consistent with the previous demonstration that JAZF1 decreased the expressions of TAK1.[@CIT0051] The specific mechanism has not been reported yet. Furthermore, we found the inhibition of phosphorylation of NF-κB subunits p65 due to overexpression of JAZF1; however, the mRNA and protein level of NF-κB p65 was not found to be significantly changed. In immunofluorescence experiments, we found that JAZF1 blocked NF-κB p65 nuclear translocation. Bcl-2 is an anti-apoptotic protein that regulated mainly at the transcription level.[@CIT0052] Catz and Johnson have demonstrated that Bcl-2 is transcriptionally regulated by NF-κB.[@CIT0053] Western blotting showed that overexpression of JAZF1 induced apoptosis of BCPAP cells through the downregulation of anti-apoptotic protein Bcl-2. These indicated that JAZF1 may promote proliferation and induce apoptosis in BCPAP cells through TAK1/NF-κB. However, whether JAZF1 regulates cell cycle progression via regulating TAK1/NF-κB needs to be further explored. Apart from functions as co-modulator of TAK1, JAZF1 may function as a transcription factor itself. The zinc finger motifs within JAZF1 might play a role in protein--protein and protein--DNA interactions.[@CIT0013] The zinc finger domain is the mandatory signalling domain for NF-κB activation.[@CIT0054] We speculate that not only the JAZF1-TAK1 complex but also JAZF1 itself activates the NF-κB signal pathway directly. Recently, Johnson identified JAZF1 as a novel regulator in the process of ciliated cell differentiation and might exert its role downstream of IL6 and upstream of FOXJ1.[@CIT0014] However, whether this signalling pathway plays a role in tumour cells remains unknown. Future studies must determine the function of JAZF1 in cancer development.

Conclusion {#S0005}
==========

These findings, taken together, have revealed that JAZF1 inhibits proliferation and facilitates apoptosis in BCPAP cells by suppressing the TAK1/NF-κB signalling pathways activation, suggesting that JAZF1 may serve as a reliable molecular marker in PTC.
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